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TEST RESULTS FOR A HEAT-TREATED 4-CELL 80S-MHZ
SUPERCONDUCTING CAVITY’

Brian Rum Alan Shapiro
Los Alamos National Laboratory, Los Alamo% NM 87S45

Abstract

Assc#ing mpmmtw@ technology for potential
W@ @ exk@g proton WXzIcrators as well as
applications to future higkurrcn t rnacb
-talcs developing cxpatise in the proasing
and handling of mtdticdl cavitia at useful
frequencies. In order to rulkss some of these
technological i-, Los Ala.mos has purchased a 4-
cell 8(35-MHz supcrcmrkting cavity from Siemens
AG, The individual mtity ails were double-sided
titanium heat-treated after equatorial welding then
the irises were welded to cmmplete tbe cavily
assembly. Tk rmdting high RR.R (550-730) in the
cells enables stable operation at higher cavity field
Iaels than arc pssiblc with lower RRR material
Additionally, the high theru.d czmductivity of the
rrutterial is cmnducivc to If and high peak power
prcassing. The cavity was also cleaned at Los
Almms wilh high-prmurc water rinsing. Results
from the milkd cavity ~, utilizing }Aous
processing tcdmiqm, arc p~ntcd

Introduction

TIIe 4*II 805-MHz niobium cavity was originally

purchased from Sierncns AG as a prototype test pi=
for a prcqmsed pioL accelerator [1]. A9 suck it was
fabricated using state+f’-thc-a.rl techniques for
maximum accekraling fields. Most notable was the
double-sided titwitkation and preliminary etching
of the niobium OCUS(with equator welds) before the
irises were welded. ‘f’hisgave a residual resistance
mtio (R-RR)cf greater than 5543in the cavity-equator
wekla, and bulk-material RR.R vaks around 730.
The-se values were obtained by partdlel-fired
samples, TIMcavity was designed for a 13+.92, with
a beam-pipe radius of 2.6 inches.

● Work suppti by Los AIarnon Na(ional Lalxu-atov
Directed Rcs-wctI and llcveloprncn~ under the auspices

of lhe United States Ekprtrocnt of Energy

hltbc-cf abtain@ high ==kmm? l=@
b cavity~1===~~
-~mm~-
m aringcntty spccikl [2]. A&litional prWcAlg
rdirWncrlta TWc8kw.k@Lknscdoll LAN-L
research in field emission in singte cdl caviti~.
Augmentations to tk standmd cavity prmc&ng
used ~ the rnanukturcr included a O.5-pIn tilter
andhcat exchanger forthcmkuking dch
chemistry, a long (W hours) spray rinse with
ultqmrc water, and High Purity Liquid
Chrorrmtography grade (HPLC) methanol rinsing.

l-k original rrunutkturcr cleaning was
supplemented by dd.itional cleaning at L4x A.lamm
that included high-pr~ uhrapurc-water cleaning
of the cavity and cf)mponenls and micr0m3pic
impeztion of ancillmy components and flanges.

I I

Figure 1. Sectional engineering drawing of the 4-
Ccll 805-MHZ cavity,

Mechanically, the cavity was stiffened with 6
titanium tubca connected 10 lhe cavity with welded

tabs and anchored to two titauum bulkhcud rings on

each end as shown in figure 1. The end halfells
arc deformed using a titanium tuner that has no
backlash. The cavity was designed to be scaled with
silver plated Heliccdkx Delta seals on niobium-
hafni~ alloy flanges, The Helimflex seals remained



IeaMight thmught tk ma and the stiffening
schcmcprocllrdno ~ .Tecl- @’cralt, the

-of~til’y?=ffods
expcted

Anatysiswdcme int.kwitydemgnt oqucifjltw
room-temperature frquexy value such that 805-
MHzwasOMined uponcaMowmto4 K. Ttw

- -~ ture x-d mnant value of
803.450-MHz gave a 4 K valu of 805.~-h4Hz in

c~ ~t fi~ ~ “ m [3]. The ability to
reliably predict lk W bqwtq’ tklm room
tcmpaahue valua is uht for manufactuhg

W-P=

Higher powprccdng Wa8attenlptcd usingt.hc
ktystrorL%lxrttktcst wii31irnited by anarcing
problem in tk aiaxial high-jxnwf switch lM

-a~gbwrl-~ow lB
kW with a @c kngth km than 0.5-rnscc. With
thispuIsc -andancxtemal Qof2xl@, tk
Cavity fiddsonlyachbmd
during Cw auditioning
Conditioiling w m mdizai

tlx Wks &tained
a.rdthqfitnk

RF system

Asthiswm avcrtical cwity&tinthe Iabrmd
extensive cmditioning was envision@ an adjustabk
anrpkr was &signed for delivering power to the
catity. T?te ampler was based on 3-1/8” coax and
used a choke joint to reduce the surrent on the rf
seats [4,5;. In ~ments, the coupler czwerut an
external Q age of2x10c 10 1x1O”, as designed [6].
Cold and warm windom were used to isolate the
cavity ~mm.rn near the cavity, so a long sect.kn of
the atax line W under vmmm. Quarter-wave
stub6 WEre W to arppcul the center condtior
without unduly slressing the coaxial windows.

RF power for high-power conditioning was supplied
by two klystrcm tha~ caXnbinc4 provided CW power
up to 18-kW and pukl pwcr up to 180-kW at 10-
Hz and with 10-mscc pulse lengths.

Test rcwl~

Two tests were carrkd out on the avity, both at 2
and 4 K. In the first tcs( cavity characterization and
performance evaluation tests were done, which
ptided initial Q Yalucs, czwpler range, and the n-
- frequency, RF conditioning with up to l-kW
forward power was also done, usually iii conjunction
with the performance testing. Ihe cavity responded
ve~ well to this ff conditioning, and it took

approximately an hour to realize the gains shown in
figure 2, Field ernisaion was observed as the
limiting mechanism of the utvity at 2 K. The
amount of field emission decreasul with increased
corrdkionlng time, as noted by x-ray levels. At 4 ~
the field level w limited by the rf power available.

*
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Figure 2. Udoaded Q related to accderating
field in t-k cavity. The originrd specification
at2Kisshown asadashcd boxin thckft
corner. The maximum field obtained was field
emission limited- The different lines
represent diffaent pver .wveepa.

Conditioning with CW power up to 1.5-kW was also
ti@ but was limited by center conductor heating
Iding to breakdown in the driveline.

Conclusion

Tbe cavityperformedvery well. The fabrication and
cleaning techniques used yielded a cavity with high
RfUtthatsustakd high field levels. At 2 K> the
cavity obtained a maximum EOTof 16,3 MV/rn with
field emission at a Qo of 3X109, and ran at 8-10
MV/m with minimal field mission.
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